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WHUPVRISRZHUDQGORQJHUEDWWHU\OLIHZLWKEHWWHUSURFHVVLQJFDSDELOLWLHVDQGKLJKHUSRZHUWUDQVPLVVLRQ
FRPSDUHGWRVHQVRUV6HQVRUVDUHGHSOR\HGLQWKHILHOGLQKXQGUHGVRUWKRXVDQGVRIXQLWVKRZHYHULWLV
QRWQHFHVVDU\WRGHSOR\WKHVDPHDPRXQWRIDFWRUV>@
6RPH:6$1VKDYHDKLHUDUFKLFDOVWUXFWXUHZKHUHHDFKJURXSRIVHQVRUVFUHDWHVDFOXVWHUHDFKFOXVWHU
LV FRQWUROOHG E\ RQH DFWRU DQG DOO DFWRUV DUH FRQWUROOHG E\ D EDVH VWDWLRQ 7KHUH DUH WZR W\SHV RI
FRRUGLQDWLRQPRGHOV LQ WKH QHWZRUN VHQVRUDFWRU FRRUGLQDWLRQ DQG DFWRUDFWRU FRRUGLQDWLRQ ,Q VHQVRU
DFWRUFRRUGLQDWLRQ WKH VHQVRUV VHQVH WKH WHPSHUDWXUHDQG WUDQVPLW WKHGDWD WR WKHDFWRUV ,QDFWRUDFWRU
FRRUGLQDWLRQ WKH DFWRUV FRRUGLQDWH ZLWK HDFK RWKHU WR GHWHUPLQH WKH ORFDWLRQ DQG VL]H RI WKH DQRPDO\
GHWHFWHG IRU H[DPSOH WKH VRXUFH RI D ILUH %DVHG RQ WKLV LQIRUPDWLRQ WKH QXPEHU RI DFWRUV QHHGHG WR
FRQWURO WKH ILUH ZLOO EH GHWHUPLQHG DXWRPDWLFDOO\ ,Q DGGLWLRQ DFWRUV FDQ IRUP ZKDW LV FDOOHG D VXSHU
FOXVWHU7KLVVXSHUFOXVWHUFDQEHFRQWUROOHGE\RQHRIWKHDFWRUVZKLFKLVFRQQHFWHGWRWKHEDVHVWDWLRQ
7KHEDVHVWDWLRQWDNHVWKHUHVSRQVLELOLW\RIGHWHUPLQLQJWKHVL]HRIWKHILUHDQGLWVORFDWLRQ7KHQWKHEDVH
VWDWLRQVWDUWVWRSRVWWKHHYHQWVWRWKHDFWRUVWRFRQWUROWKHILUH
7KLVKLHUDUFK\VWUXFWXUHKHOSV WRDYRLGUHFHLYLQJPXOWLSOHVHQVHGGDWD IURPWKHVDPHVHQVRU WKURXJK
GLIIHUHQWDFWRUV7KLVFDQOHDGWRXQQHFHVVDU\DFWLYDWLRQIRUWKHDFWRUVZKLFKPD\FDXVHGHWHULRUDWLRQWR
WKHHQHUJ\$GGLWLRQDOO\WKLVVLQJOHKRSFRQQHFWLRQEHWZHHQWKHGHYLFHVPLQLPL]HVWKHWUDQVPLVVLRQWLPH
IRUWKHVHQVHGGDWD
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IDVWHUWKHILUHLVFRQWUROOHGWKHEHWWHUWKHV\VWHP>@:KHQWKHWHPSHUDWXUHLQFUHDVHVDERYHWKHLJQLWLRQ
SRLQWDQGWKHEDVHVWDWLRQVHQVHVWKLVWKHEDVHVWDWLRQSRVWVDQHYHQWWRWKHDFWRUVWRVWDUWGRZVLQJWKHILUH
7KHVHQVHGGDWDPXVWVWLOOEHYDOLGDW WKHEDVHVWDWLRQGXULQJWKH WLPHRIDFWLQJ>@7KLVPHDQV WKH
EDVHVWDWLRQKDVWREHVXUHWKDWWKHWHPSHUDWXUHLVVWLOODERYHWKHLJQLWLRQSRLQWGXULQJWKHDFWLQJSKDVHVR
WKH DYDLODEOH GDWD KDV WR KDYHEHHQ UHFHLYHGZLWKLQ D UHTXLUHGSHULRGRI WLPH DQG QRW ROGGDWD YDOXHV
%DVHGRQ WKDW WKHEDVH VWDWLRQNHHSV UHDFWLQJ WRZDUGV WKH ILUH DV ORQJ DV WKH WHPSHUDWXUH LV DERYH WKH
LJQLWLRQYDOXH5HDOWLPHSHUIRUPDQFHLVYHU\LPSRUWDQWIRUWKH:6$1VLQFHLWVXSSRUWVWKHFRRUGLQDWLRQ
SURWRFRORIWKHQHWZRUN 
7KHFRQWUROV\VWHPLQWKHEDVHVWDWLRQLVDUHDOWLPHV\VWHPEHFDXVHWKHFRQWURODFWLRQVSHUIRUPHGPXVW
EH GRQH ZLWKLQ VWULFW GHDGOLQHV )RU UHDOWLPH FRQWURO DSSOLFDWLRQV WKH GHOD\ VKRXOG EH OLPLWHG DQG
SUHGLFWDEOHLQIDYRURILPSURYLQJWKHFRQWUROSHUIRUPDQFH'HWHUPLQLQJWKHYDOXHRIGHOD\IRUWKHUHDFWLRQ
RIWKHEDVHVWDWLRQLVLPSRUWDQWIRU:6$1UHDOWLPHDSSOLFDWLRQV>@
'XHWRWKHGLVWULEXWHGQDWXUHRIWKHQHWZRUNOLPLWHGRXWSXWUHVRXUFHVDQGWKHLQWHUDFWLRQEHWZHHQWKH
PRWHV WKHPVHOYHV FRGLQJ DQG GHEXJJLQJ IRU WKH PRWHV LV D ELJ FKDOOHQJH IRU UHVHDUFKHUV 6LPXODWLRQ
KHOSVWRLOOXVWUDWHWKHQHWZRUNEHKDYLRUEHIRUHLPSOHPHQWDWLRQLQWKHUHDOZRUOG
7KLVSDSHUVKRZVDVLPXODWLRQRIDFWRUVZKHUHHDFKFRQWUROVPRWHV7KHDFWRUVDUHFRQWUROOHGE\D
VLQJOHEDVHVWDWLRQ7KHHQYLURQPHQWVLPXODWLRQ LVGRQHIRU WKHDPELHQW URRPV¶ WHPSHUDWXUH WKH ILUH LQ
RQHRIWKHDFWRUFOXVWHUVWKHPRWHVDQGWKHEDVHVWDWLRQ7KHVLPXODWLRQIRUWKHEDVHVWDWLRQLQFOXGHVWKH
GHWHUPLQDWLRQ RI WKH ILUH ORFDWLRQ DQG VL]H  'XULQJ WKLV VLPXODWLRQ WKH DFWRU FDQ FRQWURO WKH ILUH
SHULRGLFDOO\UHFHLYHWKHVHQVHGGDWDDQGSRVWHYHQWVIRUWKHDFWRUVWRVWDUWWKHUHDFWLRQDJDLQVWWKHILUH
5HODWHG:RUN
$VDSDUWRIWKHVLPXODWLRQRI:6$1VDPRGHOLVQHHGHGWRH[SUHVVWKHILUHEHKDYLRXULQVLGHRQHRI
WKHURRPV7KHFKDOOHQJHLQPRGHOLQJWKHILUHLVWRFDOFXODWHWKHILUHVSUHDGUDWHIODPHIURQWSRVLWLRQDQG
WKHWHPSHUDWXUHGLVWULEXWLRQ
%DVHG RQ :HEHU¶V FODVVLILFDWLRQ >@ WKHUH DUH WKUHH NLQGV RI PDWKHPDWLFDO PRGHOV IRU ILUH
SURSDJDWLRQV6WDWLVWLFDOPRGHOVZKLFKGRQRWFRQVLGHUWKHSK\VLFDOLQIRUPDWLRQVHPLHPSLULFDOPRGHOV
ZKLFKLVEDVHGRQWKHHQHUJ\FRQVHUYDWLRQEXWGRHVQRWGLVWLQJXLVKEHWZHHQWKHGLIIHUHQWPHFKDQLVPVRI
KHDWWUDQVIHUDQGSK\VLFDOPRGHOVZKLFKGHVFULEHWKHYDULRXVPHFKDQLVPVRIKHDWWUDQVIHUDQGWDNHWKH
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ILQHVW PHFKDQLVPV 7KH PRGHO XVHG LQ WKLV VWXG\ LV WKH VHPLHPSLULFDO PRGHO 7ZR FRPSRQHQWV DUH
LQWHJUDWHG LQ WKHPRGHO WKHSK\VLFDOGLPHQVLRQVDQG WKHFRQVLGHUDWLRQRI WKHZLQGDQGVORSHHIIHFWVDV
VKRZQLQHTXDWLRQ>@7KHILQLWHHOHPHQWPHWKRGLVXVHGWRVROYHHTXDWLRQ7KHDPELHQWWHPSHUDWXUH
LVDVVXPHGWREH.7KHWLPHVWHSLVHTXDOWRVHF7KHFRHIILFLHQWVDEFDQGGGHSHQGRQWKH
WLPHVWHSDQGWKHPHVKVL]H
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WHPSHUDWXUH LQ WKH SUHYLRXV FHOO IRU WLPH VWHS N LQ WKH PHVK VFKHPD DQG LQ WKH SUHYLRXV WLPH VWHS
ܳሺ߲ߪ௩ ߲ݐൗ ሻሻ௜ǡ௝
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 ZKHQ WKH ILUH VWDUWV
KHDWLQJXS)LUHVWDJHZKHQILUHVWDUWVDW WKH LJQLWLRQSRLQWRI.%XUQHG WKH ILUH LVFORVH WR
EHLQJGRQH
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UHVSHFWLYHO\7KHGDPSHQLQJIDFWRULVDQH[WUDQHJDWLYHWHUPIRUWKHILUHDQGLWLVHTXDO
WRWWZKHUHWLVWKHFXUUHQWWHPSHUDWXUHRIWKHILUHDQGWLVWKHSUHYLRXVYDOXH$IWHUWKHWHPSHUDWXUH
UHDFKHV.DQRWKHUWHUPLVDGGHGWRWKHHTXDWLRQLHH[SWZKHUHWLVWKHSUHYLRXV
WHPSHUDWXUHYDOXH>@
3WROHP\LVXVHGLQWKHVLPXODWLRQ7KHGLVFUHWHHYHQW'(GRPDLQRI3WROHP\LVXVHGWRFRQWURO WKH
PRGHOGDWDIORZ'(GRPDLQSURYLGHVH[HFXWLRQVHPDQWLFVZKHUHLQWHUDFWLRQVEHWZHHQFRPSRQHQWVDUH
GRQHWKURXJKHYHQWVZLWKWLPHVWDPSV7KHPRGHOXVHVWKHZLUHOHVVGRPDLQDVZHOOZKLFKLVDQH[WHQVLRQ
RIWKH'(GRPDLQ7KHZLUHOHVVGRPDLQJLYHVWKHVXSSRUWIRUXVLQJWKHZLUHOHVVSRUWVZKLFKLVXVHIXOIRU
VLPXODWLQJWKHZLUHOHVVVHQVRUQHWZRUN)RUH[DPSOHWKHVHQVRUQRGHLVGHILQHGDVDFRPSRVLWHDFWRU7KH
ZLUHOHVVDFWRUFDQKDYHLQSXWDQGRXWSXWDQGZLUHOHVVSRUWVDVORQJDVWKHZLUHOHVVGRPDLQLVXVHG%\
XVLQJWKHZLUHOHVVSRUWVWKHFRPPXQLFDWLRQFKDQQHOLVGHFODUHGDVDQ³,QVLGH&KDQQHO´RU³2XW&KDQQHO´
%\ WKLV GHFODUDWLRQ WKH FRPPXQLFDWLRQ LV GRQH WKURXJK WKH GLIIHUHQW GHYLFHV ZKLFK KDYH WKH VDPH
FKDQQHOQDPH7KHW\SHRIWKHFKDQQHOXVHGLQWKLVPRGHOLVDOLPLWHGUDQJHFKDQQHO>@
,PSOHPHQWDWLRQV
$VLPXODWLRQLVSHUIRUPHGWKDWFRQWDLQVPRGHOVIRUZLUHOHVVVHQVRUVZLUHOHVVDFWRUVURRPWHPSHUDWXUH
DQG ILUH SURSDJDWLRQ DOO FRPPXQLFDWLQJ WR D EDVH VWDWLRQ DV VKRZQ LQ )LJ  7KH VFHQDULR VLPXODWHG
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FRQWDLQV VHQVRUV HDFK VHQVRU LVZLUHG WRDPRWH7KHPRWHVFRPPXQLFDWHZLUHOHVVO\ WRDQDFWRU$OO
DFWRUVDUHFRQWUROOHGWKURXJKRQHEDVHVWDWLRQDQGWKHFRPPXQLFDWLRQEHWZHHQDFWRUVDQGWKHEDVHVWDWLRQ
LV GRQH WKURXJK DQRWKHU ZLUHOHVV FKDQQHO 7KH VFHQDULR FRQVLVWV RI  DFWRUV RQH DFWRU PRQLWRUV WKH
WHPSHUDWXUH LQ D URRP ZKHUH WKH ILUH WDNHV SODFH 7KH UHVW RI WKH DFWRUV PRQLWRU  URRPV ZKHUH WKH
WHPSHUDWXUHIOXFWXDWHVLQWKHUDQJHEHWZHHQ.HOYLQDQG.HOYLQ













)LJ7KHQHWZRUN0RGHOLQ3WROHP\ 
5RRP7HPSHUDWXUH0RGHO
)LJD7KHDPELHQWWHPSHUDWXUHLQWKHURRPLVVLPXODWHGE\JHQHUDWLQJUDQGRPYDOXHVEHWZHHQ
.HOYLQ DQG  .HOYLQ DV LW VKRZQ LQ 7KH WHPSHUDWXUH YDOXHV DUH JHQHUDWHG E\ D UDQGRP QXPEHU
JHQHUDWRUDQGLQLWLDOL]HGE\DFORFNHYHU\VHFRQGVE\WKHJHQHUDWRU7KHVHVHFRQGVUHSUHVHQWWKH
PRWHZDNHXS WLPH$ WHPSHUDWXUHYDOXH LVFROOHFWHGE\DVHQVRUPRWHZKLFKSDVVHV WKLVYDOXH WR WKHLU
DVVRFLDWHG DFWRU WKURXJK WKH ZLUHOHVV FKDQQHO $V SUHYLRXVO\ PHQWLRQHG DQ DFWRU LV DVVRFLDWHG ZLWK 
VHQVRUPRWHV
0RWH0RGHO
)LJEVKRZVWKHPRGHOXVHGWRVLPXODWHWKHPRWH7KHPRWHPRGHOFRQWDLQVWKHWLPHGHOD\WKDWRFFXUV
LQVLGHWKHPRWH7KHWLPHGHOD\FDSWXUHVWKHWLPHEHWZHHQVHQVLQJWKHWHPSHUDWXUHDQGVHQGLQJWKHGDWD
WKURXJKWKHZLUHOHVVFKDQQHO$5LFLDQGLVWULEXWLRQPRGHOZLWKDVWDQGDUGGHYLDWLRQHTXDOWRLVXVHGWR
PRGHO WKHYDOXHRI WKHGHOD\ LQVLGH WKHPRWH7KHYDOXHV IURP WKH VHQVRUVDUH UHFHLYHG IURPSRUWDV
VKRZQLQ)LJEWKHQDIWHUDGHOD\WLPHWKHGDWDLVVHQWWRWKHDFWRUVWKURXJKDZLUHOHVVFKDQQHO>@
$FWRU0RGHO
)LJFVKRZVWKHDFWRUPRGHOLQ3WROHP\7KHYDOXHVFROOHFWHGIURPWKHVHQVRUVDUHVHQWWRWKHFOXVWHU
VHQVRUVZKLFKDUHWKHDFWRUV7KHDFWRUVWKHQFRPELQHWKHWHPSHUDWXUHYDOXHZLWK WKHDFWRU,'WKURXJK
WKHXVHRID3WROHP\IXQFWLRQFDOOHG³FRQFDWHQDWH´

7KLVFRPELQDWLRQKHOSVWKHEDVHVWDWLRQNQRZZKHUHWKHILUHLVORFDWHGDQGZKLFKDFWRUFDQEHXVHGWR
FRQWUROWKHILUH$QHYHQWLVDOVRSRVWHGE\WKHEDVHVWDWLRQWRWKHDFWRUWRFRQWUROWKHILUHWKURXJKSRUW
&RQYHUVDWLRQLVGRQHWKURXJKWKHZLUHOHVVFKDQQHOWRDZLUHGFRQQHFWLRQ,QUHDOOLIHWKHDFWLRQWDNHQLVWR
VZLWFK RQ WKH ZDWHU MHW ZKLOH LQ WKHPRGHO D GDPSHQLQJ WHUP LV FRQVLGHUHG LQ WKH FDOFXODWLRQ WKDW LV
878  John Khalil and Ramiro Liscano / Procedia Computer Science 5 (2011) 874–880
WULJJHUHGE\UHFHLYLQJDYDOXHRIIURPWKHEDVHVWDWLRQ7KHGHOD\FRPSRQHQWLQVLGHHDFKPRWHLVHTXDO
WRVHFRQG>@

  
)LJD5RRP7HPSHUDWXUH0RGHOE0RWH0RGHOF$FWRU0RGHO
)LUH0RGHO
)LJ VKRZV WKH 3WROHP\ PRGHO GHILQHG IRU WKH ILUH WKDW LQFOXGHV WKH ILUH GDPSHQLQJ IDFWRU
7HPSHUDWXUHYDOXHVDUHVHQWWRWKHVHQVRUVWKURXJKWKHSRUWVWR7KHWHPSHUDWXUHJUDGLHQWVWHSVDUH
FDOFXODWHG WKURXJK D IHHGEDFN ORRS ZLWK DQ LQLWLDO YDOXH HTXDO WR  .HOYLQ ZKLFK UHSUHVHQWV WKH
DPELHQW URRP WHPSHUDWXUH 7KH HTXDWLRQ ZKLFK PRGHOV WKH ILUH LV UHSUHVHQWHG E\ XVLQJ D 3WROHP\
([SUHVVLRQ$3WROHP\([SUHVVLRQKDVDQLQSXWRI,ZKLFKUHSUHVHQWVWKHLQSXWIRUWKHH[SUHVVLRQ$VWKH
WHPSHUDWXUHYDOXHVUHDFKHV.HOYLQZKLFKLVWKHLJQLWLRQSRLQWWKHH[SRQHQWLDOWHUPLVHQDEOHGDQGLV
DGGHG WR WKH RXWSXW LQLWLDO WHPSHUDWXUH DV PHQWLRQHG LQ WKH VHFWLRQ  7KH RXWSXW RI WKH WHPSHUDWXUH
HTXDWLRQ LV FRQQHFWHG WRD WUXHIDOVHH[SUHVVLRQ LQRUGHU WRFKHFN LI WKH WHPSHUDWXUHYDOXHH[FHHGV
.HOYLQ7KHGDPSHQLQJIDFWRULVLQLWLDOL]HGIURPSRUWE\UHFHLYLQJDVLJQDOIURPWKHEDVHVWDWLRQ,Q
WKHGDPSHQLQJVWDJHPRWHVUHFHLYHD7UXHYDOXHIURPWKHEDVHVWDWLRQWKDWUHVXOWVLQWKHGDPSHQLQJRIWKH
ILUH7KLVGDPSHQLQJLVGRQHE\VXEWUDFWLQJIURPWKHILUHWHPSHUDWXUHYDOXHFRPSXWHGIURPHTXDWLRQ
WKHWHUP,,ZKHUH,LVWKHFXUUHQWWHPSHUDWXUHYDOXHDQG,LVWKHSUHYLRXVWHPSHUDWXUHYDOXH7KH
GDPSHQLQJSURFHVVLVPRGHOOHGE\WKHVDPHIHHGEDFNORRSXVHGWRPRGHOWKHILUHEXWE\VXEWUDFWLQJWKH
SUHYLRXV WHPSHUDWXUH YDOXH , 7KURXJK XVLQJ WKH$GG6XEXQLW WKHGDPSHQLQJ YDOXH LV DGGHG WR WKH
H[SUHVVLRQZKLFKPRGHOVWKHILUH
%DVH6WDWLRQ0RGHO
)LJD VKRZV KRZ WKH GDWD LV UHFHLYHG LQ WKH EDVH VWDWLRQ 7KH YDOXHV DUH UHFHLYHG IURP DOO DFWRUV
WKURXJKSRUW7KHEDVHVWDWLRQGHWHFWVWKHEHVWDFWRUWRFRQWUROWKHILUHE\XVLQJWKHIXQFWLRQ,)7KH,)
IXQFWLRQH[DPLQHV WKH UHFHLYHGGDWD LQ WHUPVRIZKLFKYDOXHEHORQJV WRZKLFKPRWH)LJE VKRZV WKH
PRGHO XVHG WR VLPXODWH WKH EDVH VWDWLRQ 7KH EDVH VWDWLRQ GHWHFWV WKH UHFHLYHG WHPSHUDWXUH IURP WKH
GLIIHUHQWDFWRUV,QWKHFDVHWKDWWKHWHPSHUDWXUHLVPRUH.ZKLFKLVWKHLJQLWLRQSRLQWIRUWKHILUHWKH
EDVH VWDWLRQ VHQGVDYDOXHRI  WR WKHDFWRU9DOXHPHDQV WRVWDUW UHDFWLQJDJDLQVW WKH ILUH7KHGHOD\
FRPSRQHQW LQVLGH WKHEDVH VWDWLRQ LV7KHGHOD\ UHSUHVHQWV WKH WLPH WDNHQ LQVLGH WKHEDVH VWDWLRQ WR
VHQGWKHGDWDWKURXJKWKHZLUHOHVVSRUW
5HVXOWVDQG'LVFXVVLRQ
)LJDVKRZVWKHUHDFWLRQWDNHQIURPWKHEDVHVWDWLRQIRUWKHSODFHVZLWKRXWILUH$VWKLVILJXUHVKRZV
WKHYDOXHVDUHUHFHLYHGE\WKHEDVHVWDWLRQDUH]HURDWDOO WLPHVEHFDXVHWKHWHPSHUDWXUH LVEHWZHHQ
DQG  . EOXH OLQH LQ )LJ D )LJ E VKRZV WKH UHODWLRQVKLS EHWZHHQ WKH WLPH [D[LV DQG WKH
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WHPSHUDWXUH \D[LV 7KH ILJXUH KDV WZR FXUYHV WKH UHG RQH LOOXVWUDWHV WKH ILUH EHKDYLRU ZLWKRXW
GDPSHQLQJDQGWKHEOXHFXUYHLOOXVWUDWHVWKHILUHEHKDYLRUZKLOHWKHQHWZRUNUHDFWVLQUHVSRQVHWRWKHILUH
$VLWVKRZQLQWKHJUDSKWKHQHWZRUNUHDFWLRQVWDUWVWRWDNHSODFHZKHQWKHILUHWHPSHUDWXUHUHDFKHV
.HOYLQ WKH LJQLWLRQ SRLQW 7KH WLPH GLIIHUHQFH EHWZHHQ WKH  SRLQWV LQ ERWK FXUYHV LV  VHFRQGV
ZKLFKVWDQGVIRUWKHUHDFWLRQRIGHOD\WLPH7KHEDVHVWDWLRQDFWLRQLV]HURGXULQJWKHKHDWLQJWLPHXQWLO
WKHWHPSHUDWXUHUHDFKHV.HOYLQ7KHGHOD\WLPHLVJHQHUDWHGIURPWZRIDFWRUVWKHGHOD\WLPHLQVLGH
HDFK PRWH DQG GHOD\ WLPH LQ WKH EDVH VWDWLRQ 7KHUH LV WUDIILF LQVLGH WKH EDVH VWDWLRQ EHFDXVH DOO WKH
SDFNHWVDUHUHFHLYHGLQWKHEDVHVWDWLRQ7KLVFDXVHGDGHOD\HGLQGHWHFWLQJWKHILUH
6XPPDU\
7KHVLPXODWLRQUHVXOWVDUHGRQHIRUDFWRUVDQGHDFKRIWKHPOHDGVPRWHV2QHEDVHVWDWLRQUHFHLYHV
WKHYDOXHVIURPDOODFWRUVDQGVWDUWVWRSRVWDFFRUGLQJWRWKHFROOHFWHGGDWD7KHUHVXOWVVKRZWKDWWKHWRWDO
WLPHGHOD\IURPWKHVWDUWLQJSRLQWRIWKHILUHWRUHDFWLRQLVVHFRQGVDQGWKHILUHWDNHVVHFRQGVWREH
FRPSOHWHO\GDPSHQHG7KHVLPXODWLRQLVGRQHLQ3WROHP\SURJUDPXVLQJWZRWLPHGRPDLQV'(GRPDLQ
DQGWKH:LUHOHVVGRPDLQ


)LJ)LUH0RGHO

 
)LJD'DWDUHFHLYHGE%DVH6WDWLRQ0RGHO
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
 
)LJD%DVH6WDWLRQ5HDFWLRQE%DVH6WDWLRQ5DFWLRQ
)XWXUH:RUN
7KHPHDVXUHGGHOD\ WLPHGRHVQRWFRQVLGHU WKH WLPHZKHQ WKHPRWHVDUH LQ WKH VOHHSLQJPRGH7KH
GHOD\WLPHPHDVXUHPHQWVDUHGRQHIURPWKHPRPHQWRILJQLWLRQSRLQWGHWHFWLRQWRWKHPRPHQWRIWKHEDVH
VWDWLRQUHDFWLRQ2QFHWKHEDVHVWDWLRQVHQGVWKHVLJQDOWRVWDUWWKHUHDFWLRQWKHVLJQDOHQDEOHVWKHFORFN
ZKLFKHQDEOHV WKHGDPSHQLQJIDFWRU WREHFRQVLGHUHGRQ WKHFDOFXODWLRQV)RU IXWXUHZRUN WKHVOHHSLQJ
PRGH WLPH IRU WKHPRWHV VKRXOGEHFRQVLGHUHG 7KHSUDFWLFDO H[SHULPHQWV IRU VHQVRUV QHWZRUNV VKRZV
WKDW WKHVHQVRUVVHQGFRUUXSWHGYDOXHVRI WKH WHPSHUDWXUHV7KHVHYDOXHVFDQ OHDG WKHPRWHV WRVWDUW WKH
UHDFWLRQ  5HVHDUFK LV QHHGHG WR GHWHFW WKH RXWOLHU YDOXHV WR DYRLG D IDXOW UHDFWLRQ 7KH FXUUHQWPRGHO
DVVXPHV WKDW DOO UHFHLYHGYDOXHV DUH FRUUHFWZLWKQR FRUUXSWLRQ LQ UHFHLYLQJ WKHP+RZHYHU IRU IXWXUH
ZRUNWKHFRUUXSWHGPHDVXUHGYDOXHGVKRXOGEHGURSSHG
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